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Abstract 
The purpose of the present work is to clarify the effect of the tool shape in finish blanking on galling behavior. A high-tensile-
strength-steel plate with a thickness of 6mm is used in the present paper. The edge shape of punch is changed while the 
clearance is kept to 12%t. Galling is observed at the first shearing operation except for the Press Working punch  with the edge 
angle of 30 degrees. In the case of the Press Working punch with the edge angle of 30 degrees, galling can’t be found clearly 
even when the shearing number reaches 20. The burnish depth has a glossy part with the clean metal for the punches except for 
the Press Working punch with the edge angle of 30 degree. It is found that the glossy part is generated after fracture occurs at 
the punch edge and galling occurs in the generation process of the glossy part. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of Nagoya University and Toyohashi University of Technology.  
Keywords: Shearing; Tool shape; High-tensile-strength-steel; Galling; Surface expansion ratio 
1. Introducton 
In order to get lightweight products, there is an intense need for using high-strength-steel sheets. Generally, with 
an increase of the strength of sheet metal, the danger of galling increases in plate shearing. Galling occurs when the 
lubricating film thins to the surface roughness of tool due to the surface expansion of the workpiece (Wang et al., 
2013). In the shearing process, the surface expansion ratio of the burnish depth is very high, and thus the decrease 
of the surface expansion ratio may have a significant effect on the reduction of the danger of galling. 
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Finish blanking is one of the precision shearing processes and has some features such as the formability of a 
high ratio of the burnish depth (Tilsley et al., 1958), and lower surface expansion ratio of the burnish depth (Maeda 
et al., 1970). The effect of Press Working punch (Kanemaru et al., 1958) in finish blanking is investigated and it is 
found that the edge angle of Press Working punch should be in the range of 30° - 60°, and the clearance should be 
less than 2.0%t to obtain a high ratio of the burnish depth (Yamada et al., 2013). It is also found that the danger of 
galling is reduced by using the Press Working punch with the edge angle of 45° in a small clearance (Murakami et 
al., 2012). However, the effect of the other tool shape of Press Working punch on galling behavior has not been 
studied. The purpose of the present work is to clarify the effect of the tool shape of Press Working punch on galling 
behavior.  
2. Simulation and experimental conditions 
A high-tensile-strength-steel plate (SUMITEN 590K) with a thickness of 6mm is used. The tensile strength of 
the plate is 590 MPa. The punch shape is shown in Fig. 1. The Press Working punches with different edge angle ș, 
the punch with rounded edge (R1.5 punch), and the normal punch (Right angle punch: RA punch) are used. In the 
present paper, the Press Working punch with the edge angle of 30° is expressed by PW 30. The clearance between 
the punch and the die is 12% of the plate thickness t.  
FEM simulation is conducted in order to analyze the difference in the deformation state due to the edge shape of 
the punches. A commercial FEM code "DEFORM-2D" is used. Table 1 shows the simulation conditions. 
Tests are carried out on a 1100 kN servo press. The average processing speed is 1mm/s in the shearing process. 
The punches and dies are made of powder high-speed steel. All of tools are non-coated. The surface roughness and 
the hardness of the all punches are less than 0.2 ȝmRz and HRC64, respectively. A lubricant (EH-7370) with 
viscosity of 250 mm2/s is applied to the punches and dies by brushing. 
 
 
 
 
 
 
 
Fig. 1. Shape of punch edge: (a) Press Working; (b) R1.5; (c) RA. 
  
Table 1.  Simulation conditions. 
Simulation mode Tool Blank Friction coefficient ȝ 
Axisymmetric Rigid Rigid plastic, ıത = 900İҧ 0.15 (MPa) 0.2 
3. Simulation and experimental results 
The calculation method of the surface expansion ratio on the burnish area by FEM simulation is shown in Fig. 2. 
The endpoints P1 and Pn of the burnish area are marked and traced using the tacking function of DEFORM. The 
surface expansion ratio of the burnish depth is calculated by dividing the length of the burnish depth by the 
distance of the marks before shearing. Fig. 3 shows the relation between the surface expansion ratio on the burnish 
depth and the shape of the punch edge. In the case of RA, the surface expansion ratio is high to 54. With an 
increase of the edge angle for Press Working punches, the surface expansion ratio of the burnish depth decreases. 
ș (°) 30 45 60
(a) 
(b) (c) 
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The surface expansion ratio of the Press Working punches is smaller than 17 and becomes 4.5 in the case of PW 60. 
The surface expansion ratio of the burnish depth for R1.5 punch is the same as that for PW 60. 
 
 
 
 
 
 
 
 
Fig. 2. Calculation method of surface expansion ratio of burnish depth by FEM: (a) before shearing; (b) separated stroke. 
 
 
 
 
 
 
Fig. 3. Relation between surface expansion ratio of burnish depth and shape of punch edge. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Galling state on punch surface: (a) 1st shearing operation; (b) 20th shearing operation. 
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Fig. 4 shows galling state on Press Working punches. The surface appearance for RA punch and R1.5 punch is 
also shown for comparison. Galling is observed except for PW30 at the first shearing operation for all punches. 
The galling behavior for PW45, PW60 and R1.5 is similar, and an intensive galling is seen in the case of RA. In 
the case of PW30, no galling can be seen clearly even when the shearing number is 20. The galling behavior in 
plate shearing cannot be judged simply by using the surface expansion ratio of the burnish depth by FEM. 
4. Discussion 
The surface appearance of the sheared edge is shown in Fig. 5. The oxide scale can be seen on the burnish depth 
in any case. The oxide scale can be hardly found in the middle of the burnish depth in the case of RA. The burnish 
depth for PW30 is completely covered by the oxide scale. However, in the case of PW45, PW60 and R1.5, the end 
of the burnish depth takes a shape with a wave and glossy. 
 
                  
                                          
Fig. 5.   Appearance of burnish depth: (a) PW30; (b) PW45; (c) PW60; (d) R1.5; (e) RA. 
 
 
The reason of the wave and glossy can be found from Fig. 6 and Fig. 7. Fig. 6 shows the cross-section of the 
plate when the plate is just separated. The plate is separated at the end point of the upper edge of the punch for 
PW30, whereas the plate is separated at the incline part of the punch for PW60, and is separated in rounded edge 
for R1.5 punch. Fig. 7 shows the generation process of the glossy part after the separated stroke in the case of R1.5. 
As shown in Fig. 7, the edge of the fracture depth is ironed to the burnish depth, and given glossy because the edge 
is mainly the clean metal. One of the reasons of galling is due to contact with the punch and the clean metal of the 
workpiece (Kawai et al., 1973). It seems clear that this generation process of the glossy part causes galling for R1.5, 
PW45 and PW60. 
 
 
       
Fig. 6.   Cross-section of plate at separated stroke: (a) PW30; (b) PW60; (c) R1.5. 
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Fig. 7.   Generation process of glossy part on burnish depth (R1.5 punch): (a) experiment; (b) simulation. 
 
             
Fig. 8. Cross-section of the plate and surface appearance of R1.5 punch when shearing process is interrupted before separated: (a) cross-section 
of plate; (b) Surface appearance of R1.5 punch. 
 
In order to confirm this mechanism of galling generation, shearing is interrupted. Fig. 8 shows the cross-section 
of the plate and the surface appearance of R1.5 punch when the shearing process is interrupted before separated. 
No crack can be found around the edge of the punch, and no galling can be recognized. This result establishes the 
generation process of the glossy part causes galling for PW45, PW60 and R1.5 punch. Therefore, The process 
makes the difference between PW30 and the other PW punches, R1.5. On the other hand, the difference of galling 
state between PW30 and RA is the high surface expansion ratio on the burnish depth of RA. The edge angle of PW 
punch should be under around 30 degrees in order to prevent galling generation. 
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5. Summary 
The effect of the punch shape on the galling behavior in the shearing process is investigated by using a high-
tensile-strength-steel plate. 
 
(1). Galling is observed at the first shearing operation for all punches except for PW30. The galling behavior for 
PW45, PW60 and R1.5 is similar, and an intensive galling is seen in the case of RA punch. 
(2). After the fracture occurs at the punch edge, the edge of fracture depth is ironed to the burnish depth and 
becomes glossy part because the edge is mainly the clean metal. Therefore, the generation process of the 
glossy part causes galling for PW45, PW60 and R1.5 punch. 
(3). The difference of galling state between PW30 and RA punch is the high surface expansion ratio on the 
burnished depth of RA punch. 
(4). The edge angle of PW punch should be under around 30 degrees to prevent galling generation. 
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